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ABSTRACT 
A method has been developed to apply multi-temporal Advanced Synthetic Aperture Ra-
dar (ENVISAT/ASAR, C-Band) images to snow cover monitoring and mapping in moun-
tainous areas. A multi-temporal dataset that includes sequences of ascending and de-
scending ASAR wide swath and beam mode IS2 scenes acquired over Switzerland was 
investigated. The images were geometrically corrected to remove relief distortions, produc-
ing geocoded terrain corrected (GTC) image products. Backscattering coefficients (Beta, 
Sigma and Gamma nought) are typically calculated using a nominal local incidence angle 
value using a simplified ellipsoid geometry. We apply a more rigorous approach that mod-
els the backscattering coefficients normalised for local illuminated area (projected into the 
look direction for γ° retrieval), producing radiometric terrain corrected (RTC) image prod-
ucts. 
The snow cover was monitored by calculating the difference between the backscattering 
coefficients (γ°) of each ASAR image and the reference backscattering coefficient of a syn-
thetic dry snow or snow free image. Similar to conventional fixed thresholding (e.g. 3 dB), 
a reference winter dry snow image was compared to each new ASAR image. Analysis of 
the resulting time series shows strong seasonal trends in backscatter behaviour, likely 
caused by variations of liquid water content in the snow cover. Meteorological data (Me-
teoSchweiz), NOAA images and snow cover maps from the Swiss Federal Institute for 
Snow and Avalanche Research supported interpretation and validation of the results. 
INTRODUCTION 
Many environmental processes are affected by the presence of snow, influencing for ex-
ample the local climate. Earth observations from space are particularly suitable for study-
ing and monitoring of cryosphere. Optical remote sensing is limited strongly in areas fre-
quently covered by clouds. Active microwave and in particular synthetic aperture radar 
(SAR) sensors are not susceptible to such interference, and are therefore important tools 
for monitoring and researching snow cover processes. They allow detection of wet snow in 
all weather conditions, independent of cloud cover, while providing sufficient spatial resolu-
tion to resolve small-scale details. 
The investigation presented here was based on multi-temporal data from ENVISAT/ASAR 
operating at 5.33 GHz. Meteorological data from MeteoSchweiz, NOAA images, and snow 
cover maps from the Swiss Federal Institute for Snow and Avalanche Research support-
edvalidation of the results. 
The purpose of this paper is to present a method to demonstrate the capability of ASAR to 
monitor snow cover and to identify/discriminate snow-free wet and dry snow cover. Par-
ticularly high interest was focused on spatial and temporal variability and liquid water con-
tent of snowpack. The analysis of the variation of backscattering properties under snow 
cover melt conditions is presented.The test area investigated was the western Swiss Alps. 
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METHODS 
Advanced Synthetic Aperture Radar (ENVISAT/ASAR) scenes over the Swiss Alps were 
studied. A set of 22 descending (satellite overflight of test area at 9:49 UTC) and ascend-
ing (overflight of test area at 21:09 UTC) Image Mode scene/sequences acquired with 
beam IS2 and (nominal incidence angle of 23°) VV polarisation was available. All data 
were delivered as single look complex products (IMS). The data sets presented are listed 
in Table 1. 
Table 1: ENVISAT/ASAR Products. 
Orbit Beam Pass Polarisation Date Time [UTC] 
20624 IS2 A VV 08.02.2006 21:09 
21626 IS2 A VV 19.04.2006 21:09 
22628 IS2 A VV 28.06.2006 21:09 
23630 IS2 A VV 06.09.2006 21:09 
24131 IS2 A VV 11.10.2006 21:09 
20395 WSM A VV 23.01.2006 21:11 
21397 WSM A VV 03.04.2006 21:11 
23172 WSM A VV 05.08.2006 21:15 
 
A digital elevation model with a grid size of 25 m (DEM25) and a height accuracy in moun-
tainous regions of 5-8 m was used for terrain geocoding. 
Post-processing steps within the snow monitoring method are shown in Figure 1. 
 
Single Look Complex image (SLC)
ENVISAT/ASAR IMS Product
ENVISAT/ASAR Doris
State Vectors
ENVISAT/ASAR Antenna
Gain Pattern
Geocoding
Calibration
Detection + Multi-Looking
Reference Image Wet Snow Image
Difference
Δ dB  
Figure 1: Flowchart of processing steps. 
 
During the processing, the acquired images were geometrically corrected using a digital 
elevation model and orbit parameters to correct for relief distortions, producing a series of 
geocodedterrain corrected (GTC) image products. The high quality of ASAR’s timing anno-
tations and ENVISAT’s state vectors enabled  automatic terrain geocoding. 
Backscattering coefficients (Beta, Sigma and Gamma nought) are typically calculated us-
ing a nominal local incidence angle value with a simplified ellipsoid geometry. For this in-
vestigation, we applied a more rigorous approach that models the backscattering coeffi-
cients normalised for local illuminated area (projected into the look direction for gamma 
retrieval), producing radiometrically terrain corrected (RTC) image products (i)(ii). The ra-
diometric correction includes an antenna gain pattern correction (AGP) (iii). 
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A qualitative RGB overlay method for illustrating the refreezing and melting cycles of snow 
cover was first applied. Temporal and spatial variations of the snow cover backscatter in 
the different scenes appear as different colours. A primary colour is assigned to each im-
age. Stable soil conditions (dry snow, wet snow or snow free soil) then appear as shades 
of grey. Variations in the snow cover conditions appear as primary colours (red, green or 
blue) or a combination of them (cyan, yellow or magenta). 
Winter images with dry snow conditions, absence of melting events and ice layers are 
characterised by low backscatter values due to the high penetration depth of the signal 
and domination by volume scattering. The backscattering coefficient of wet snow is de-
pendent on the liquid content of the snow cover. Wet snow in spring and summer causes a 
reduced penetration into the snow layers and the backscatter is lower than those meas-
ured in cases of winter dry snow. Melting and freezing cycles of the snow cover cause 
formation of ice bodies and large grains in the snowpacks resulting in relatively high back-
scattering values. 
A quantitative mapping of wet snow cover was performed by calculating the difference be-
tween the backscattering coefficients (γ°) of each ASAR image and the reference back-
scattering coefficient taken from a set of synthetic dry snow or snow free images. Ideal dry 
snow or snow free reference images were selected using meteorological data and were 
selected from the available set of acquisitions. In a manner similar to conventional fixed 
thresholding (3 dB) (iv)(v), comparison of a winter dry snow image with images taken dur-
ing the melting season showed backscatter variations in snowpack, indicating differences 
in the snow properties. These backscatter differences, expressed in dB, are illustrated with 
quantitative results in the next section. 
RESULTS 
In figure 2, we demonstrate a qualitatively improved retrieval of thematic snow cover by 
including both geometric and radiometric corrections. 
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(a) (b) 
Figure 2: ASAR wide swath VV image overlays (a) Geocoded Terrain Corrected (GTC) 
(b)Radiometrically Terrain Corrected (RTC), R= 05.08.2006, G=03.04.2006, B=23.01.2006.  
© ESA. 
 
Terrain correction incorporating normalisation for local illuminated area is most necessary 
in scenes with large variations in nominal incidence angle such as ASAR Wide-Swath 
(WS) mode, and significant topography. After radiometric terrain correction, thematic dif-
ferences between multiple data acquisitions becomes clearer. It appears that a melt event 
in the April 2006 (green channel) produced decreased backscatter in comparison to the 
two other dates. 
 
In figure 3, a qualitative comparison of terrain-corrected ASAR image mode products is 
shown as a set of RGB-composites. The colour sequences for late summer 2005 and 
2006 are listed in table 2. 
Table 2: Assigned colour in the ASAR Image Mode RGB-composites. 
RGB Red Green Blue 
Late summer 2005 17.08.2005 21.09.2005 30.11.2005 
Late summer 2006 06.09.2006 11.10.2006 15.11.2006 
 
 
High mountainous regions show colour differences during the summer season where snow 
can persist all year long. Variations in the overlay colours represent changes in the back-
scattering values of the snow cover during the late summer periods of the three scenes 
(RGB sequences). Blue and cyan colours indicate an increase of backscattering values in 
the images of September and November 2005 (also October and November 2006). The 
increasing backscatter is an effect of decreasing air temperature (beginning of cold sea-
son) and of the freezing of wet snow cover (creation of ice bodies). 
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(a) (b) 
 
Figure 3: ASAR IS2 GTC image overlay (a) late summer 2005, R= 17.08.2005, G=21.09.2005, 
B=30.11.2005 (b) late summer 2006, R= 06.09.2006, G=11.10.2006, B=15.11.2006. © ESA 2006. 
 
Quantitative results of seasonal and short term evolution, derived by the comparative 
method, are observed and illustrated in figures 4 and 6. Examples of wet snow maps are 
illustrated in figure 4. The illustration of five images derived from ASAR images acquired 
between June and September appears to show melting processes and presence of liquid 
water content in the snow layers. It can be seen that the snow line moved to higher alti-
tudes as the air temperature increased. At the beginning of the snow precipitation season 
and at freezing temperature in perennial snow regions in the late summer, the backscatter 
values are similar to the reference values (e.g. see figure 4 (a)). 
For the validation of wet snow maps, snow height maps from SLF and meteorological data 
from MeteoSchweiz were compared. The snow height maps are produced with NOAA data 
(snow maps derived at the University Bern) and field measurements (figure 5). 
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(c) (d) 
Proc. of 5th EARSeL LISSIG (Land, Ice, Snow) Workshop, Bern, Switzerland, Feb. 11-13, 2008 
560 580 600 620 640 660
80
100
120
140
160
[dB]
10
00
1000
1000
100
0
10
00
20
00
2000
20
00
20
00
2000
2000
200
0
30
00
29
58
11.10.2006; Orbit 24131
REF=30.11.2005+15.11.2006
INT
Easting [km]
GRH
N
or
th
in
g 
[k
m]
ABO
AIG
EVO
FEY
GSB
JUNMLS
ULR
MVE VIS
SIO
ZER
ANETZ-Station
 
(e) 
 
Figure 4: Wet snow cover maps for 2006. a) 08.02.2006, b) 19.04.2006, c) 28.06.2006, d) 
06.09.2006 and e) 11.10.2006. 
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Figure 5: Snow height maps © SLF 2006. a) 09.02.2006, b) 20.04.2006 and c) 20.06.2006. 
 
Figure 6 shows 2D difference histograms of snow melting in 2006. In this case, an average 
of two sequences of values measured during the months of November 2005 and 2006 
were chosen as reference scenes. 
The backscatter differences caused by melting processes within wet snow zones generally 
range between -3 dB and -12 dB (vi). 
Independent information such as air temperature, snow maps, precipitation, and snow 
heights, was used to determine the probable snow line. Melting processes were gauged to 
possibily occur in regions with an air temperature above zero degrees. The temperature 
values and the zero degree limit derived from the external data mentioned above, are illus-
trated in the 2D histograms below. The 2D histograms show clearly that, backscatter coef-
ficient variations are dependent on temperature and height.  
Permanent snow coverages in high mountain regions are affected in the hot season by 
melting processes which increase the liquid water content in the snow cover. 
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Figure 6: 2D histograms for 2006. a) 08.02.2006, b) 19.04.2006, c) 28.06.2006, d) 06.09.2006 and 
e) 11.10.2006. 
 
In figure 7, the quantitative results for the above and additional scenes are summarised 
and compared with the processed temperature in a seasonal trend graph. The freezing 
altitude derived from meteorological stations (MeteoSchweiz) are similar to the SAR back-
scatter measurements via the wet snow lines derived from the difference method de-
scribed earlier. No retrieval of freezing altitude was possible where the images were too 
similar to the reference image. On these dates, an arbitrary height of 0 was assigned.  
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Figure 7: Seasonal trend graph for 2006. 
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CONCLUSIONS 
Qualitative and quantitative methods for monitoring wet snowpacks in mountainous re-
gions have been presented. Temporal and spatial seasonal snow melting trends in high 
Alpine regions were observed using ENVISAT/ASAR C-band measurements. Robust ra-
diometric correction of terrain-induced local illuminated area variations was shown to im-
prove thematic information retrieval. Comparisons between meteorological data, NOAA 
images and snow cover maps enabled interpretation and validation of the results.  
Although validation was not always possible due to the partial absence of field data for 
parts of the test site, good agreement was seen between ASAR results and freezing alti-
tude derived from MeteoSchweiz data. A crucial factor affecting the quantitative method is 
the availability of one or more reference images with appropriate ‘’dry snow’’ characteris-
tics. 
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